Fimbriae are important in the adherence of many bacterial species to the surfaces they eventually colonize. Porphyromonas (Bacteroides) gingivalis fimbriae appear to mediate adherence to oral epithelial cells and the pellicle-coated tooth surface. The role and contribution of fimbriae in the binding of P. gingivalis to hydroxyapatite (HAP) coated with saliva as a model for the pellicle-coated tooth surface were investigated. 3H-labeled P. gingivalis or the radioiodinated purified fimbriae were incubated with 2 mg of HAP beads coated with whole human saliva (sHAP) and layered on 100% Percoll to separate unbound from sHAP-bound components. The radioactivity of the washed beads was a measure of the bound components. The binding of P. gingivalis 2561 (381) cells and that of purified fimbriae were concentration dependent and saturable at approximately 108 cells and 40 ,ug of fimbriae added, respectively. The addition of fimbriae inhibited binding of P. gingivalis to sHAP beads by 65%, while the 75-kDa protein, which is another major surface component of P. gingivalis 2561, did not show significant inhibition, suggesting that the fimbriae are important in adherence. Encapsulated and sparsely fimbriated P. gingivalis W50 did not bind to sHAP beads. On the basis of the predicted sequence of the fimbrillin, a structural subunit of fimbriae, a series of peptides were synthesized and used to localize the active fimbrillin domains involved in P. gingivalis adherence to sHAP beads. Peptides from the carboxyl-terminal one-third of the fimbrillin strongly inhibited P. gingivalis binding to sHAP beads. Active residues within the sequence of inhibitory peptide 226-245 (peptide containing residues 226 to 245) and peptide 293-306 were identified by using smaller fragments prepared either by trypsin cleavage of the peptide 226-245 or by synthesis of smaller segments of peptide 293-306. Hemagglutinin activity, lectinlike binding, and ionic interaction did not seem to be involved in this binding since lysine, arginine, carbohydrates, and calcium ions failed to affect the binding of P. gingivalis. The observation that poly-L-lysine, bovine serum albumin, and defatted bovine serum albumin, even at high concentrations, only partially blocked the binding of P. gingivalis indicates that hydrophobic interactions are not the major forces involved in P. gingivalis binding to sHAP beads. Protease inhibitors such as EDTA, leupeptin, pepstatin, 1,10-phenanthroline, and phenylmethylsulfonyl fluoride did not interfere with the binding of P. gingivalis. However, the binding of P. gingivalis to trypsin-or chymotrypsin-pretreated sHAP beads was reduced. Overall, these results suggest that fimbrillin has domains primarily confined in the carboxyl-terminal region of the protein which are responsible for binding P. gingivalis to surface-bound salivary components through specific protein-protein interactions. Specific fimbrillinmediated binding may be important in P. gingivalis attachment to oral surfaces coated with salivary components.
Porphyromonas (Bacteroides) gingivalis is a gram-negative, black-pigmented anaerobe associated with several periodontal diseases, including adult periodontitis, generalized juvenile periodontitis, periodontal abscesses, and refractory periodontitis (44) . The pathogenic process of microbial infection includes gaining access to the host, adhering to and colonizing a unique niche, avoiding the host defense mechanisms, multiplying with subsequent infection, and destroying tissue. Adherence to mucosal surfaces is the first step whereby bacteria establish a close proximity to the mucosa. P. gingivalis adheres to a variety of surfaces, including epithelial cells (2, 17, 29) , erythrocytes (1, (28) (29) (30) , fibronectin-collagen complexes (26) , salivary components like proline-rich proteins (11) , and other bacteria (12, 34) . Those elements which participate in the colonization process include bacterial surface adhesins, epithelial surface receptors, mucosal gel components such as mucins, and salivary coatings such as dental pellicle. Cell surface components which have been implicated in the adhesion properties of P.
gingivalis include fimbriae, vesicles, and hemagglutinins * Corresponding author. (25) . Some adhesins of P. gingivalis have been purified and characterized previously (1, 13, 30, 36, 43) .
Although the exact role of P. gingivalis fimbriae is not known, available evidence suggests that fimbriae are important in adhesion. In a preliminary study, we found that fimbriated P. gingivalis 2561 bound strongly to cultured epithelial cells from human explants, epithelial cell lines in tissue culture, or human buccal epithelial cells. On the other hand, encapsulated and sparsely fimbriated strain W50 did not bind to these epithelial cells. Furthermore, Isogai et al. (17) have shown that Fab fragments of monoclonal antibodies to fimbriae inhibit binding of P. gingivalis to buccal epithelial cells. Fimbriae were also reported to mediate binding of P. gingivalis to Actinomyces viscosus, a pioneer colonizer of the oral cavity (12) . The fimbriae of P. gingivalis are important in other interactions with host cells. It has been shown that P. gingivalis fimbriae can stimulate human gingival fibroblasts to produce thymocyte-activating factor (14) and activate mouse peritoneal macrophages, subsequently inducing gene expression and production of interleukin-1 (15) . Two The purification procedure and criteria of purity were discussed in detail in previous publications (36, 37) . Briefly, P. gingivalis 2561 from 1.5 liters of brain heart infusion culture was harvested by centrifugation at 8,000 x g for 25 min at room temperature. The pelleted cells were then washed with 20 mM Tris buffer (TB) (pH 7.4) containing 0.15 M NaCl and 10 mM MgCl2. The cells were resuspended in 30 ml of the same buffer and subjected to ultrasonication (Vibra Cell model VC250; Sonic and Materials Inc.) with a 3-mm microtip at a 20-W output with a pulse setting and a 50% duty cycle for 5 min in an ice bath. The supernatant obtained by centrifugation at 30 ,000 x g for 30 min at 4°C was brought to 40% saturation by the stepwise addition of solid ammonium sulfate and stirred at 4°C overnight. The precipitated proteins were collected by centrifugation at 10,000 x g for 25 min at 4°C, suspended in a small volume of 20 mM TB (pH 8.0), and dialyzed against the TB. This crude fimbrial preparation contained the fimbriae, the 75-kDa protein, and other minor components when assessed by SDS-PAGE after boiling at 100°C for 7 min in P-mercaptoethanol. A purified preparation of the fimbriae was then obtained by repetitive differential precipitation of the fimbrial preparation at pH 6.5 in the presence of 1% SDS and 0.2 M MgCl2 at 4°C for 16 to 18 h (36).
A pure 75-kDa component was also prepared as an outer surface component of the organism (37) . In brief, the dialyzed crude fimbrial preparation was further clarified by centrifugation at 100,000 x g for 1 h at 4°C in a Beckman LS8-80 ultracentrifuge, and the supernatant was adjusted to pH 5.0 with 1 M HCl and left to stand at 4°C for 16 to 18 h with continuous stirring. The precipitate containing mainly the 75-kDa protein was harvested by centrifugation at 10,000 x g for 30 min, dissolved in a small volume of 50 mM TB (pH 8.0), and dialyzed against the same buffer. The precipitation step was repeated once again to get a highly purified 75-kDa protein.
The purified fimbriae were iodinated by using the chloramine T method (16) with modification. Ten micrograms of the fimbriae was labeled with 0.5 mCi of 1251-NaI (Amersham Corp.) in 0.5 M phosphate buffer (PB) (pH 7.2), in the presence of 10 ,ul of chloramine T (1 mg/ml) for 30 s, and iodination was terminated by adding 25 pul of sodium metabisulfite (2 mg/ml). After termination, 100 pA of PB containing 10% sucrose and 10% potassium iodide was added and the mixture was loaded onto a Sephadex G-75 column (1 by 25 cm) saturated with 1% bovine serum albumin (BSA) in PB. The column was washed extensively with PB before the iodinated mixture was loaded to avoid nonspecific loss of the fimbriae to the column. The iodinated peak was collected without BSA or other carrier protein.
Preparation of synthetic fimbrillin peptides. The synthetic peptides prepared for this study correspond to the sequence of amino acids derived from the DNA sequence of the cloned fimbrillin gene for P. gingivalis 381 (5) ( Table 1) . Synthesis, purification, and characterization of peptides 49-68, 69-90, 81-98, and 99-110 were described in a previous study (21) . The other synthetic peptides were prepared by using a solid-phase Fmoc peptide synthesis procedure with an Applied Biosystems model 431A peptide synthesizer. Briefly, the carboxyl-terminal amino acid was coupled to the 4-hydroxymethylphenoxymethyl copolystyrene-1% divinyl benzene resin (41) by using N,N'-dicyclohexylcarbodiimide as an activating reagent and 0.1 M dimethylaminopyridine in N,N'-dimethylformamide as a catalyst. The ax-amino group of the amino acid was protected by an Fmoc group which was subsequently deprotected at the beginning of every cycle by the addition of 20% piperidine. The carboxyl group of the subsequent amino acids was activated by the 1-hydroxybenzotrazole-N,N'-dicyclohexylcarbodiimide activation method (19) and mixed with the deprotected amino terminal of the growing peptide chain. Cleavage of the peptides from the resin was performed by using 95% trifluoroacetic acid (TFA)-5% thioanisol as a scavenger. Cleaved peptides were precipitated with diethylether and lyophilized. For most of the peptides prepared by Fmoc chemistry, >95% of the peptide appeared in one peak by analytical high-performance liquid chromatography (HPLC). However, peptides which showed less than 95% of the material in one peak were purified to homogeneity (>99% single peak) by (5) . b In this study, numbering of the amino acid residues did not take into acount that the first 10 amino acids appeared as the leader sequence in the sequence of fimbrillin (5) .
c The peptides 49-68, 69-90, 81-98, and 99-110 were synthesized in the previous study (21) by using tertiary butyl oxycarbonyl-protected amino acids.
Hi-Pore RP-318 reverse-phase column (10 by 250 mm; BioRad). Ten to 15 mg of each peptide dissolved in 500 RI of 0.1% TFA-H20 was loaded onto the column, and separation was achieved by isocratic elution for 10 min with 10% 0.1% TFA-acetonitrile balanced with 0.1% TFA-H20, a subsequent linear gradient of 0.1% TFA-acetonitrile up to 60% for 70 min, and a gradient of 0.1% TFA-acetonitrile up to 100% at a flow rate of 4 ml/min.
The composition and sequence of each peptide was confirmed by amino acid analysis and amino acid sequencing. For amino acid analysis, samples were hydrolyzed in 6 N HCl at 110°C for 22 h in evacuated, sealed tubes. The samples were dried in vacuo, and hydrolysates were analyzed with a Beckman 121 MB amino acid analyzer. a-Amino-,-guanidinopropionic acid was used as an internal standard. The amino acid sequence of the synthetic peptides was performed by automated stepwise sequencing on an Applied Biosystems model 477A gas-phase sequencer with an on-line model 120A phenylthiohydantoin (PTH) analyzer. The synthetic peptide samples (200 to 500 pM) were spotted on a glass-fiber disk previously loaded with Biobrene (Applied Biosystems) and precycled three times. PTH-amino acid analysis was performed on a PTH-Cl8 cartridge column (2.1 by 220 mm) packed with octylsilyl-type sorbent (5 p,m). Separation of PTH-amino acids was obtained at 55°C with a linear gradient of 11 to 40% solvent B (acetonitrile containing 500 nM dimethylphenylthiourea) at a flow rate of 0.2 ml/min. Solvent A, used as balance for the gradient, consisted of 5% aqueous tetrahydrofurane, 18 ml of 3 M acetate buffer (pH 3.8), and 2.5 ml of 3 M acetate buffer (pH 4.6), each per liter.
Synthesis of smaller fragments and tryptic digestion of selective peptides. To further define and characterize the binding domain of the fimbrillin, peptide 226-245 (peptide containing residues 226 to 245) and peptide 293-306 were selected because the peptides showed a strong inhibitory effect on P. gingivalis binding to sHAP beads and they were very soluble in buffered KCI. Segments of peptide 293-306 were synthesized, including peptide 293-300 (HKYDIKLT), peptide 300-306 (TITGPGT), and peptide 287-306 (NKIER NHKYDIKLTITGPGT).
Peptide 226-245 was trypsinized to obtain its smaller fragments, 226-236 and 240-245. Briefly, 20 mg of HPLCpurified peptide 226-245 was dissolved in 3 ml of 0.5% ammonium bicarbonate buffer and incubated with 400 ,ug of trypsin-tosyl-L-phenylalanyl chloromethyl ketone (TPCK) (Sigma) . The solubility of the peptide in ammonium bicarbonate buffer at an optimal pH of 8 for trypsin was poor, so the pH of the buffer was brought to 5.6 and the reaction mixture was incubated for 10 h at room temperature and then further incubated with an additional 300 ,ug of trypsin-TPCK overnight at room temperature. After lyophilization, the peptide was dissolved in 0.1% TFA-H2O and centrifuged, and the supernatant was loaded and separated on a Hi-Pore RP 318 reverse-phase column. The two peptide fragments 226-236 (IHPTILCVYGK) and 240-245 (NGADLA) were obtained in separate peaks, and the purity of the fragments was confirmed by sequencing.
Saliva collection. Parafilm-stimulated whole saliva from a single male donor was collected on ice and clarified by centrifugation at 10,000 x g for 10 min. The saliva was heated at 60°C for 30 min to inactivate endogenous enzymes and then centrifuged at 12,000 x g for 15 min to remove precipitated materials (4) . This single batch of the saliva was aliquoted into Eppendorf tubes, stored at -20°C, and used for all of the experiments described here.
sHAP. Spherical hydroxyapatite (HAP) beads were purchased from BDH Chemicals (Poole, England). sHAP beads were prepared by the method of Clark et al. (4 (Fig. la) . In contrast, the non-or poorly fimbriated strain W50 bound at very low levels to both sHAP and HAP beads (Fig. lb) .
Fimbria binding to sHAP. Purified fimbriae also bound to sHAP beads in a concentration-dependent manner when increasing amounts of the labeled fimbriae were added to the beads (Fig. 2) . A saturation level of fimbria binding to 2 mg of sHAP beads was reached when approximately 40 p.g of the fimbriae was added. The binding of the fimbriae to sHAP beads was 1.5 to 2 times greater than it was to HAP beads in the range of the fimbriae used (Fig. 2) (Fig. 4) . These peptides showed concentration-dependent inhibition of P. gingivalis binding to sHAP beads, which is illustrated for peptides 226-245 and 293-306 in Fig. 5a and 5b. Peptide 49-68 was moderately inhibitory at 100 p.g (Fig. 4) . Two strongly inhibitory peptides, 226-245 and 293-306, were selected for further study since they were soluble in buffered KCI and exhibited dose-dependent inhibition of binding of P. gingivalis cells. To further localize and define the binding sites of the fimbrillin, variants of these peptides were prepared and purified by HPLC. The smaller fragment, 226-236, derived by trypsin cleavage of peptide 226-245, showed a very strong inhibitory effect on binding of P. gingivalis to sHAP beads, and its inhibitory effect was comparable to that of the original intact peptide 226-245. In contrast, the remaining trypsin-generated fragment 240-245 showed weak inhibition (Fig. Sa) .
The binding inhibitory abilities of two smaller peptides corresponding to fimbrillin residues 293 to 300 and 300 to 306 were compared with that of the parental peptide 293-306 (Fig. Sb) . The inhibitory effect of peptide 293-300 on P. gingivalis binding was comparable to that of the parental peptide when tested at lower concentrations. The other, smaller peptide (300-306) showed a low binding inhibition effect at an amount ranging from 2.5 to 100 ,ug. A larger peptide corresponding to residues 287 to 306 did not exhibit increased inhibition over that seen with the parental peptide 293-306; in fact, the inhibitory effect of peptide 287-306 was comparable to that of the parental peptide on a molar basis.
Effects of various agents on P. gingivalis binding to sHAP. To better understand the nature of the noncovalent interactions involved in P. gingivalis binding to sHAP beads, the effects of various agents on binding were evaluated ( 
DISCUSSION
The attachment of oral bacteria to teeth and oral mucosal surfaces has received considerable attention since adherence is an essential step in colonization and infection (6, 9) . HAP surfaces coated with saliva is a useful in vitro model to evaluate the attachment of bacteria to teeth, and possibly other surfaces coated with salivary components, and has been shown to correlate with in vivo adherence of some oral bacteria (4) . In the present study, we employed this model to study the role of fimbriae in adhesion of P. gingivalis. One of the difficulties encountered during the assessment of P. gingivalis binding to sHAP beads is autoagglutination of P. gingivalis cells, which makes it difficult to separate aggregated clumps of bacteria from cells bound to sHAP beads. Percoll medium used for separation in this system improved reliability and reproducibility of the binding assay for P.
gingivalis since the unbound P. gingivalis and visible large autoagglutinated cell clumps were readily separated from P. gingivalis cells bound to sHAP beads.
In this study, we have shown that fimbriae mediate most of the binding of P. gingivalis to sHAP beads. Binding of the fimbriated strain P. gingivalis 2561 to sHAP beads was concentration dependent and saturable (Fig. la) . In contrast, P. gingivalis W50, which was found to be sparsely fimbriated or to have an immunochemically unrelated fimbrialike structure (21) , bound poorly to sHAP beads (Fig. lb) . Further evidence for the role of fimbriae in the adherence of P. gingivalis comes from our finding that purified fimbriae also bound to sHAP beads in a concentration-dependent manner, reaching a saturation level at 40 ,ug (approximately 1 nmol, determined on the basis of the molecular mass of 43 kDa for fimbrillin) of the fimbriae.
To confirm the role of fimbriae in binding of P. gingivalis cells to sHAP beads, we showed that highly purified fimbriae, as well as synthetic peptides corresponding to several sequences found in the fimbrillin, inhibited binding of P. gingivalis cells to sHAP beads (Fig. 3 and 4) . For example, binding inhibition of P. gingivalis 2561 to sHAP beads was observed when the purified fimbriae were added, and 65% inhibition was achieved with 200 ,ug of added fimbriae. However, the binding of P. gingivalis was not inhibited by the 75-kDa protein (Fig. 3) , which is a major surface component of P. gingivalis 2561 (37) . These observed results suggest that the fimbriae play an important role in specific binding of P. gingivalis to sHAP surfaces.
The demonstration of direct binding of purified fimbriae to sHAP beads is further evidence of the role of fimbriae in binding of P. gingivalis cells to sHAP beads. We found that P. gingivalis 2561 cells bound to sHAP beads to a greater extent than to HAP beads (Fig. la) . This observation is consistent with the result reported by Cimasoni et al. (3) and with our finding that purified fimbriae bind to a greater extent to sHAP than to HAP beads (Fig. 2) . Taken together, these findings suggest that fimbriae mediate binding of P. gingivalis to saliva-coated surfaces such as teeth. The adsorbed salivary components on HAP surfaces have been shown to impart a higher order of specificity for the adherence of oral bacteria (4) . Saliva may also be important in P. gingivalis binding to other surfaces in the oral cavity such as buccal epithelial cells coated with a salivary pellicle in vivo (29) .
Synthetic peptides are useful for epitope or molecular mapping of proteins (18, 32, 40) and the development of antibodies (7) and are used as vaccines (23) . In this study, to define the binding site of the fimbrillin, a series of peptides were synthesized corresponding to the entire length of the single polypeptide chain of fimbrillin which comprises the structural backbone of P. gingivalis fimbriae. In a binding inhibition assay, peptides corresponding to the carboxylterminal one-third of the fimbrillin sequence and one peptide from the amino-terminal half of the molecule strongly inhibited the binding of P. gingivalis cells to sHAP beads. These results suggest that different regions of the fimbrillin molecule, including several regions in the carboxyl terminus, are involved in active binding of P. gingivalis to sHAP beads. The inhibition by synthetic peptides appears to be specific since not all of the peptides tested inhibit binding of P. gingivalis to sHAP beads. Further evidence of specificity is suggested by the finding that these inhibitory peptides failed to inhibit the adherence of A. viscosus to sHAP beads (data not shown).
It is interesting to observe that several separate, nonoverlapping synthetic peptides with apparently no sequence similarity each inhibited binding of P. gingivalis to sHAP beads by 70 to 95%, while 65% inhibition was observed with purified fimbriae. These findings may result from concentration effects or conformational and steric hindrance differences between fimbriae and synthetic peptides. On a molar basis, the concentration of synthetic peptides used in this study was 10-fold higher than the concentration of the fimbriae. Furthermore, the possibility of smaller peptides entering into the binding sites of salivary molecules more easily than whole fimbriae cannot be ruled out with the existing data. It is hypothesized that these different sites on the fimbrillin may be folded in a way to give a conformational domain(s) responsible for binding to salivary components. Only a few amino acids from each site may be involved in actual physical interaction with receptors on salivary components. This hypothesis is suggested by the use of either the tryptic fragments or the smaller synthetic peptides derived from the inhibitory peptides 226-245 and 293-306 ( Fig. 5a and b) to further define the active inhibitory sites. It was found that the binding of P. gingivalis to sHAP beads is localized to residues 226 to 236 and 293 to 300, with corresponding amino acid sequences IHPTILCVYGK and HKYDIKLT. A structural study of these peptides and identification of the salivary components with which they react are under way to better understand the interaction of the binding domains of fimbrillin with salivary components, both bound and free in solution.
Another possible explanation of the finding that several nonoverlapping synthetic fimbrillin peptides inhibit P. gingivalis cell binding to sHAP beads to an extent comparable to that of whole fimbriae is that stable P. gingivalis binding to sHAP beads requires multivalent binding. It is proposed that several fimbrillin-active sites are required to interact with several receptor sites on one or more salivary molecules for stable P. gingivalis cell binding to occur and that inhibition of one or more of these interactions leads to dissociation of the bacterial cells from the surface. This hypothesis would explain why significant inhibition of P. gingivalis binding can be accomplished by any one of the active-site fimbrillin peptides as well as the whole fimbriae. The several possible explanations for the peptide inhibition data are under investigation.
It appears that other adhesins besides the fimbriae are also involved in P. gingivalis binding to sHAP beads. This is suggested by the finding that the crude fimbrial preparation, which contains fimbriae as well as other surface components, showed a higher inhibitory effect (90%) on P. gingivalis binding to sHAP beads than that achieved by purified fimbriae. It is possible that there are fimbria-associated adhesins, other than the structural subunit, which mediate binding of P. gingivalis to surfaces. The 75-kDa protein does not appear to be involved in P. gingivalis binding to sHAP surfaces.
Adherence of P. gingivalis to oral surfaces is likely a complex set of interactions between bacterial cell surface adhesins and various host surface receptors. The negligible effect of L-lysine, L-arginine, and CaCl2 on P. gingivalis binding to sHAP beads suggests that binding of P. gingivalis to sHAP beads does not depend on strong ionic interactions. It has been shown that the hydrophobicity of bacteria is important in binding of the bacteria to certain surfaces (8, 24, 27, 42) . Strains of P. gingivalis have been regarded as highly hydrophobic bacteria, and certain salivary components can be adsorbed to HAP beads and serve as potential hydrophobic receptors (8) . The surface hydrophobicity ofP. gingivalis is thought to be associated with the fimbriae and may enable P. gingivalis to bind to salivary pellicle or other bacterial surfaces (10, 31) , as seen in the cases of other bacterial binding to host cells (24) . Agents like poly-L-lysine, BSA, and defatted BSA, known to be very strong inhibitors of the hydrophobic phenomenon (33), failed to exert major inhibitory effects on P. gingivalis binding to sHAP beads. Also, not all hydrophobic peptides showed inhibitory effects on P. gingivalis binding. However, it is possible that, in our assay, the 100% Percoll may have eliminated nonspecific, lowaffinity hydrophobic binding. It appears that, under the conditions of the assay, binding of P. gingivalis to sHAP beads is mediated mainly by specific interactions of active regions of the fimbrillin. The importance of hydrophobic binding is yet to be determined.
It was found that trypsinlike proteases contribute to the binding of P. gingivalis to A. viscosus (22) and to Streptococcus gordonii (39) . Surface proteases may act as another family of adhesins for P. gingivalis. Recently, it has been reported that binding of P. gingivalis was greater to oral epithelial cells pretreated with trypsin or chymotrypsin (2). P. gingivalis exhibits strong trypsinlike and weak chymotrypsinlike activities (20, 35) . It has been proposed that bacterial proteases may expose cryptic domains on A. viscosus surfaces and might function in concert with fimbriae as specific adhesins (12) . Stinson et al. (38) have proposed that proteases may also act by clearing the surface adhesins of P.
gingivalis which are fouled with salivary and serum molecules. In our study, protease inhibitors such as EDTA, leupeptin, pepstatin, 1,10-phenanthroline, and phenylmethylsulfonyl fluoride did not significantly affect the binding of P.
gingivalis to sHAP beads ( Taken together, the data suggest that fimbriae are important in the binding of P. gingivalis 2561 to sHAP beads through protein-protein interactions. The interactions are likely to be between multiple binding domains of the fimbrillin and one or several salivary components. The nature of the salivary receptor(s) for the fimbrillin binding, the exact localization of the active sites on the fimbrillin, and the role of other adhesins in the binding of P. gingivalis to salivacoated surfaces will need to be elucidated for the complex but important events in its adherence and colonization to be fully understood.
